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(54) OPTICAL ACCESS SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To suppress the rise of 
cost and to eliminate maintenance by arranging optical 
multiplexers/demultiplexers for up/down signals in a 
remote node near a subscriber house and shifting the 
oscillation wavelength of a station side optical transmitter 
based on the shift quantity of the center wavelength of 
reflected light reflected in the down signal optical 
multiplexer/demultiplexer. 

SOLUTION: Wavelengths are allocated to respective 
subscribers and one optical fiber for a down signal 17 is 
shared between a first optical multiplexer/ demultiplexer 
13 placed on a station side and a third optical mutiplexer/ 
demultiplexer 4 at a remote node on a down signal, A 
wavelength variable light source 6 scans the wavelength 

and sends it to the first optical fiber 17 with a command from a wavelength stabilization 
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control part 59. The third optical multiplexer/demultiplexer 4 is provided with a reflection filter 
having the peak of a reflection factor in the wavelength except for the wavelength allocated to 
the respective subscribers. Reflected light is detected by an optical power meter 7 and the 
shift of the center wavelength is detected as the change of a characteristic based on the 
environment change of the third multiplexer/ demultiplexer 4. Then, the wavelength 
stabilization control part 59 changes the setting of reference wavelength based on the shift. 
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T^mBmz^v^x\t. ^mm^mmmt^ ^^mx^^ 

^nx. mi^yy-( n\zm\^'^ri. mms^^^m^ 

\z^ 0 ^mx-^^xcomT ^^mm)^^i&mz);t^\:^xm%^ 
miyt^T^nti^^^]^^ n . ^^m^ n r D-Jtmn 
\tmum':H:z7 7 ^ n^mxmnK^m^^^mm.xm.m'^ 

^^^mmz-D^^x^t. ^mx^izm^'^x ^ntz^i^^ 
x^mx^m^mmmti^ b ± o ^mnt^mm ^n^mm 
n^mxmm4:^^^'ikmx^ik'^rix. m.2 

"^2%^ 7 ^ nt'^^^j^r^^ti^mm^^mmxm.m'^n 

%%m 1 ^^^m.^(h^f}m\zmwit^-^zi,v-^t^u 

m\zum'^nfzWiW^^%ut^^'Him^tmwy'^tvx% 
m 1 ^y r ^ nh^mxmw,^'it^'rt'^^(DmK^wv 
■^i^x^xmmx^m^nxKm'my (d^»l-wl^<d 

^ m ^ M <h L T IS ^ L T V ^ ^ M g ^ ^ { k »J If gl$ CD 

%^mm^:H:m.mm(j^^m'^^f)^'yy v^n. 
i^y vmti^^iyy h^n. 

^JtiP A^#J3fei^fS«cD HfraBfij 0 ^T<7) ^fit^ ^«/^^ ^ CO 

z:^'^>\^\Z^^m%^m.^zyy hmrz\^iyy h^tlX. M 

j[jD A ^- fflijTte it « i« e ± 0 7t ft ^ 7^?^^ ^ n ^ w <h ^ # 
^Kf3m\zmmms^'^^'(kmo:)mx^^iyy h^^M 

ft « CO its ^5 Hu IB ft $ij f r J: 0 «S ^1^^ S ^ f k ^ 

j[iPA^fflij7K'Sfi«T?iij^$n;^cig§fi/w- • 

;i/t^liPAig«>^i^ft«;^^6^ffl{rj^ff J[jnA^«cD 

mmm\z^n^mmm^mm^c>'i^mmmmt.i^xm^ 
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\zu^^ o \zMx^'^<Dm%^%mmm(D^m^i^&^um 
imMm 3 ] ^mx^\z^n^n'^^f)m o ^ 

^ it ^ ffi >fe 1t - 4^ a- U - 5^ 7^? ^ Se M ^ n . 

10 'ry)^:H:mn\z'Dh^x\^. ^mm^mmmt^^mx^^x 
mz^r^^mx^^x(DmTKi^m^i)^^mz]^s\:.xm 

^ n IJP A ffl >^ - 4^ 13. - ^ ^ T ^ JfP A « Tte g 

mmxm^m^n. 

± 0 T^lt ^ O V ^ T . I^#J 0 ^ T it fiT # JtJP A # CD 3^ 

^ tmmum y 7 n^mxmw> ^ ^^^"^mx 
^'ik^rixmm'mi^yr^n\zm\h^ri. mmxmm 

mm 1 %y r nf^^ ^^m.^n^mm^'^mmxm.m^ 

MiB^ 3 ^^6^i!^m\z\t^mx^\zm o ^r/zitsi^^^ 

(7)it :g Ml^ ^ (t:) ti - ^ ^ #-r ^ ^« ?^ ^ 7^?^^^ 0 

^j^^^jiffi^nrmiBigiTt^^i^itggT&it^n, ftaiB^ 
ffl7feit-^zLlx":$^<t^^i3^:7r-r>'N'^MT^m3^ 

rnxmn^tiK^w^y ^ )v^cb^^bik^(D^^i^y hs 

mIsBitS^^ft^Mc7)itSS^fiitlRtlBitSf>7' hS/f 
1' t ^ ^ M ^ ti T ^ (Z) ^ ml ^B >^ it ^ (7^ ^ ii it S ^ ^ 
:7h^ti. mJSBm 1 3^^^itgff4oJ;r/mrHBm2 3^^^it 
^(^itS4#tttlMIfiitSv:7 hfi/ftti>:7 
&JtJPA^-fflij7t it ft ^ c7) MsB fij 0 ^ T CD it S ^5 ^ffl^^ b CO 
nv> HflcfcO HfflBitSi/:^ hmtz^^Zyy h^tlT. 1^ 
J[JPA^«7feitfttS/0^ b _h 0 Ttfl-^T^/^itfS ^ r 

[if?}<:^4 ] W}m^^^zsmx^'m(j^^'A'^mmcr)Xt} 

StilBII 3 T^^^it^ 4 c7:)S Aits >^:7 h ^^^fgrg^ 

T-5^«iiiii^7t^:7 Y;i^^7:?^EM^ti. mm'Jt'&mm 

coitS^l^fHiJitS^^fb&Str J:*:)a^>S^fk$n. jfjR 

A«-#j7fe'SfsST?i'j^^n7^c'SfiAC7- . v^)v\tmx 
^m^mmm^^^mmizmm^n. mx^mmn'-^mn 
y- ' V'^)Vi)^mx\zf^^ ^'!)\zmm(D^mmmomm 

50 \-^^mm<j^m^mmm(Dm.&mmmhLxm'&m.^^ 
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TDmBmz-:)^^x\^. ^mm^mmm^^^^mA^^ 
xcom^xTD^m^f^mm^nmrn i ^^^^x^^i^ 
^tix. mmyt^-^zLi^-i^^^i.xmi':^yT-(n 
izmm-^n. mmsyt^^m^^z^r^^mA^^xay^^ 
T 0 ^mnf)m^\zmi:'xmm i^yy^ ^ ^m. $ 

^m^tiTzmrD^mn^tmrnm^yy^/'^^mx 
^uaA^m-^'^mmxmm^n. 
±o^mmzz::^^^x}tt. muA^-izmKi '^x ^nrcmm 
xmnA^mxmmmf)^^±Dytm^^^mm^n^mn 

y-r ^'<^mxmm4yt'^^^mmx^'^~^nx. m2 
yty n^zmm^^n. mmxm2':^'^^mmizj^Dm 
m2^yT-r^'<f)^^^i^'^n^mm^^mmxmm^n 
^^t^±x:^^x^-dX. 

^mAmizm^'^xrcm^i^n(D^mizKmm(^}d-^ 
^%'Lm^3yt^^mwzmDi4^ft>nrcKmmy ^ )v 
^t. ytmn^mmi ^^^mmizmmr^rz^izmm 
izm^^nrc&^'^m^mt. mmnn^mmi^^^m 
^, mmm^^-=^^u-^ . mmi ^y n^mx 
mm 3 -^^^t^miz&m^^ 1 1 hizmm 3 
(DmKMmy^ )Vi^^^^(DKuyt^mm i^yy-^/t, 
mmm^-^-^n. u-s^^fri^xmmx'^mLxKmm 

y ^ )l^(D^^L^m^(rj^^miyy hS^PJ^T-^Tt/W- 

t^m^^x. mm3^^jfmm(rjmmm-mmm 
miz^n^um^mz^^mt^KMrny 4 ji^(D^^bm 

mmmm^^mmmtrnt^m i ^^^m^^ j^zsmt^m 2 
^^^mmo^mmmmz^^n^u^^mmi^x^mmm 

m 2 yt^^^^(Dmm^^^ y h^^mmumMm'^ 
mt. m$m\omxm^^i[kmmmmtLxmMvx\.^ 
^m^^mMmm^mm^t^mzyy hmfcnm^'^^Lxm 

&tmWdm 1 y(:^^y^^m:h^ZSm$Em2^^^mmco^Jk 

m^i^^mm^^mi-y hmfc^i-zyy hf^/t^^izmiHiz 
m^-f t^nrzmm'S^itmmm^p^^^x . m$^^mmytm 

^^^m^(Dm&^i±t^mM^^^miyy hmrz^fzyy h 
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'r^rci^{zmmizmf^^nrzmm&&mm^^^t. 
^mA^-mytmmm<Dm$^W]omx<D^m^mmf)^^co 
z2^>}^iz^ommmm>^y hmrzHi^y b LxmmA 
^m^mmm^ oAio^mn^mmf^rcifb^zmA^'m 
izm^f^nrzmA^m&mmm^mt. * 

im^m 6 ] ^mm^j:zsi}\]A^'m(Dmm^'^mm(D 
^Afjmizmmm 3 yt^^^m(DmA^^^zy y h^^m 
^t'r^m^o:>mmmMm^^y^ji^y)^^n^nmm 

mmijnA^miz\tmmmA^m^^^mmx-^m/iy-~ • 

mmmxmmizmmr^^m/'^y- • u^jimi^^^^^ 

mm^mmmo^^^&^m'pmmitLxmmL. mib^ 
m/\y- • u^jiMi^^mzxomm^nrzm^m^^y 
u^j\^^mAiz/;s:^<koizmmo:>mmytmmm(om 

20 mm^L^xm.'^^^t^mm^m.^m^. 

m%^iMAmm^^um^^\t. mm:h^^<Dzi^>\i{z^ 
K>m\^Am^<Dwim^mmmt^^Azy)^mn^mimx'^ 

m'r^yt^mv^)Vf)^^A\zt^^x'!)\zisi\A^'^(D^m 

^mu'ikm'^^i\zummz^n^MA^^(Dmytmmm 
(D^^mm^t. {.xwt^^^^i^^^^o \zmm.^ti 

Tz. 

:Zh^Wmtr^m^^o\Z%^m(D':H:T ^^7.^^. 

im^m 1 ] ^'mA^xz^n'etm^tm 0 6 

'^^%m^\zx>\^^x\^. ^mm':}tmmmt^^t^A^'^x 

^nx. mmmyt-^-^^v-^^mxmx^y y^ n 
xzmw^^ti. is^A^'^(D^5.<\zw.w^t\tz'm3%^'7fi^ 

mi^y y^ nt^^'ff^ik^n. "^^ik-^titzmr^^^m^ 

\-xumm%y y ^ nhmviA-^'^(b'it^mm(Tym^m\zm. 

40 mmx'^m-^n. 

zi-v-^ t. mmum yy^ n^mxm'm 3 t^-^^^^^t 
^ik^tixmi^mx^ity y ^ nxzmWx^tx. ^^jti^^ 
Wi%^-^^\y-^'^m^\^xm.^2%^^ikmz^y} 

^^A^\z'm^'^xfz'i^^vx^(D'^mzK^m(D\±-^ 
^^\^mm3^it'^j^i^mzn.K^{^n^ntzK^w^y ^ 
50 'Jtm^^mmi^'^^^^i&m^z^^^r^rzmzmm 
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mm 3 '^^^^m^izi^mr^o tth iz%^m s yt^i^m^ 

J r IS 1 1 ^ n tin A ^ 1« ^ S <h . 

^ i(i ;^ :i ^ 1^1^ <h -r ^ ^ i: X 

&A:^?ffltiWfBII3>e^^^«Sc;)«^«:^>-:7 N^^fS 

• v^)vmmmk\z^^w-&^nfzi^^mny 
- ' u^)vy)mi-<^zrj:^j:oizmm(Dm$^^mmm(D§^ 

m-r^yt^smi-^jvfjm^^zr^^j:. oizmx^'^<D^m 

^mmi^M^^itmmmz^n^mA^'^o:>mytmmm 

zt^^mtT^m^m7iztm<DytT^±:7.^^o 
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[0 0 0 1 ] 

izm-t^hiDx^^o 

[0 0 0 2 ] 

-^iziifkms^myj-^^m^^rzm^mi riz^^x^o mx^- 

3 0 l7^?^b 3 0 4lZ^n^n^m?^ I 7i)^bA4 iZZX 

JO ft^o mm(D^mmm3 ii-'314c7)Ai'-a4(7:» 

3 1 6\zm\^^^o ^mn^^-xi^wx^^^.Kizmt^ntzJ 

- H 3 1 7 cr)>fe^^2^^3 1 ^X^1mA^m\z6f^^- 

n. ytyy-^m 31-33 A^mxmA^^izmt^ti 

Tz^^mms 2 1- 3 2 4T§lt^tl^o liViA^f^^^M 

^(Dmmzz^\,^x\^. mx\t. i^wa^-s 0 i\z^\^^xm. 
m-r^t. ^mmm^ 2 of)^c^m\h^nrzm.^?.\ (d^ 
m^\t. ^yy^nzAi ^e^^nxy- F3 1 7 (D 

1 9X^yT^m 4 2-3 4 4^fSit^ 

20 rirzm(DmA^t^^(Dmnnhi^^^m^tix. -if(D 
yr^n3 2 9^iYi.xm^x^m^n^. mx\t. ^ 
^^i^^3 3 0 ^m^^x^mit^nrz^m^^^mmm 
iz^i^Lx^n^^nyt'^mms 51-35 4izm<o 
[0 0 0 3 ] mm^m^m^^rzytr^±ysy^^iz^\^-f^ 
^&mm\ti--2nmf)^-^mx^^. ytmx^^^m 
wu-'^o:^mmi^mt^^m'Mmu—^xho. \m/x:(D 
M^^^b^.Txfo miz. mA^-mizm^^nrz^mmm(D 
umf)^2 ox:mit'mitmm^mt2 nmmtr^o m 

A^-3 0 1 C0>tj^^gtS3 2 5 CD*:^;!?^^ 1 8 (a) C7)J: 

SO oiz?.i \zm&^nx\^^xt>. ^mmms 2 5(Dmmu 
mzmit-/)^^\sxmm^?i I ' izmtrmt. ^yhy 
-^(Dy-i^3 1 7 {zm^^rirz^^^mm3 1 9^miz 
mm^nxi^^^^»i^m3 3 0 (Diij^^^^^fj^mm (b), 

(c) (Dj^oizmtLr^Ktty. m^^-r^^-v^-ji^o^^ 

)v^s.m=f'^m^^x^m(DU&mm^'t ^ z. t\z^^ 
[0 0 0 4 ] y ~\^(D'jt^^i^mtm^^-mmzwm.^ 

X^n^o iai9{a) <D^o\Zt\iA^3 ^ KD^^'^mm, 

3 2 (j:>i^^t^ X \ (i^^^f^^nri^Tt). y"HcD3^ 
'&^iS^3 1 9 (D'^^i^^m'^MUU'^SMmz^-yxWi 
ia(b) (Ty^^\zl\Xtzn'yy V^^m^t"^^^. it^ii- 
i^gg ti^f ^ ^ X T «^ ^ nr ^ 0 7t ^ 
tttSO. Olnni/ rcoMS^ib^^To 1 0 0 °C 

my^vi. F^T- 4 0- 6 5r(Z)Sjf^rMS;0^S^^ti 

^l^^c ^{3, ^{|iJc03t^^iS§g3 3 0(7:)ig:Sit#tt:?!?^^|^gI 
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(c) (D^oizr^-jTi^^n^i. MA^s 0 KD^mmms 

3 1 7 (D^t^^ii^ms 1 9 ^mm^^xty. mn^^tm 
mic) izmr^oizmm(D^^^^j^^3 3 oxti y 

[0 0 0 5 ] zcoj:oumm^m^^r^ytT^^x:^^ 
y)mmW'9 -21442 9^{Lkmzm^^nT^^^o ^ 

To m:^it. I55Mb/s COM:^\^fRm^^ ^ ^ o ^«C03t 

miMm4 0 lit. m2 1 iz^Tj^viznmws corom 

• -^-^(DnjiTsm^mzmn^mub/s (D^mn^m 

fit. mmco^-^-^^i —^ 4 0 2 ^mr i-^(D^y 

^c>t{i^^>fe^^ife^4 0 9 J;oT. 7tf^:iM^4 10 
<t:4 1 1 t^l^^-lig-r^o '^Bmm4 1 Otl^i^K^n;^^:^^^ 

-ft^7te^fi^4 1 2{z^'Dxmmmmzmm^n. 
{zm2 1 o:>mm(D/\)i7. iTommT'-^) tmm(^yi 

n^^uy^ t.vxmmM^4 1 6T±otf^^i{05A 
±-K^m^n)V7.4 n \z^^x'=^mtu-^^:/tmm 
^4 1 s^y-hf^o '=^mwv—^^mmm4 1 sn 

t^7tf^iM^4 1 l\z^^m2 1 coA:^m^?^^'A*t-r^o 
iiOft^/t;PX 4 1 7 .^¥^f*:l--+f>^Jti^§§4 1 8 

(Dxtimnnt.cr)\ti^m^^umM^4 I Qxn\^^. m 

4 1 8 fr^l^T±Oft^/UI.X 4 1 7 ^I<:i:oTy- h 
1, '&^iS^g&4 0 9. 3fe:7r-rA4 0 4, 3^-9—4^3-1^ 

i^-^^m^m4 1 sco^ijftco^^Migti^^je omn^^;/: 

li,, ¥^^ U--tf7^ti*S^4 1 8 (T^^ijftti-^tl^ffid 
MUTO. Snra/r cDf^g^^b^^^To ^f^T 5 0 1: cOrMg 

^^fh:;^^^^-5Tfc^iJt#COb^-^??fefi7^^^2 5 nm^^^b-r^^g 

M T ^ ¥ « ^ U - if ^ S g (7> S1 13 (7) J: -5 t^j: $|J W f 1 ^ 

\zU^^ 

[0 0 0 6 ] iy7sV-l^±W(Dmm.tim2 2\Z9^^nx^^ 

^fljT^^, mx^izmK^'^x^nx'^^xT^m^ 

iSt§ 5 0 2T^?S^n. ^t-^:x 5 0 9 ^MT 1 

*co>feX7-rA 5 1 0 t::i3|m^ti^. ife:^^S^n/tT 

HcO^t^^i-iS^S 0 ST^JUPA^-^TH^Ji-ife^n^o ^ 
^#:U-if3i^Jii|ig§5 1 1 , 5 12, 5 13T^^$n 
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3. U-:^' 5 0 9 ^ST. 7fe^^iti§5 0 4T53^iS^tl^ 

T^seso 0 5 izmt^n^. 

[0 0 0 7 ] U h • y-- F{Iffll^^>fe^^^g§5 0 

\zKmw^(D\i-^^^T^Kmw^y ^ jv^tm^^tix 
i^^. mm(/)ytmmms 0 lit. i^^w^^-^^ 
itu-^^^mtLx. ^^o<D75:m(^^&^mmizj:'o 
JO x^^r^ztf)^x^^. mmmmic{zmmf<i:^i om 
z (TJi&m&Mmf^^^ I csin ojt ^m^u^cmdftT^Mpj 

5 0 3 /^^b>KW$tlT<'5>3t^^«(Z)3^^3<I^5 0 
'S^t, 7t:'&53'«g§5 0 3C0ifeSiNpttCDS^g>-'7 hS^;^ 

mr^o is^s^^^b^g 5 0 8 ti. ^F^OTfeit^^s 0 
1 (r^mmm^^mD'^xi^miz^^^nfzm^mmmiz 
fji^^oizmmr^o ^^^mms o 3(Dmmi^y hm 

rdm^mmmm^i^^MMLx^mmms o la^^mm 

20 S^$fJtafT^o ^^\Z. S^S^^fl:^^ 5 0 8 

il^^o 0 2, 5 0 4ti^^^y V^tXX^^^^)^'^^-^'^ 
5 0 6<;)®JfP«».liI^S5 0 7 ^MWbT. 3t:^i^»g§5 
0 2, 5 0 4 (D'^^^^^m.^'y -7 Vmz\tiyy h T 

rcOct^tr. J[^±t:iai-</r*^^[S^A#^<hU^- 
h • J-Y(r:>'it^^WLmz^\^\X\tWL^Um^^z.Uf:> 

[0 0 0 8 ] 

0, ^n^ni55Mb/s cO««^fe]^LJ;^ .hmt^\ ^ 
%(T^^it'^\nm.<D Yy^n—\z\t^~-)\' • -T — ^<7)155Mb/ 
s <hTOT'"-^(Z)155Mb/s ^^fi{bL/r310Mb/s (7)i[if^ 
3^^^^r-^[BlS§^ffi:tL. S/iUPA#^(7)>^^jtl«T^ 
ti310Mb/s TSj^^T^^gMlEj^§:feJ:0^::r-;^ • V--^(7) 

± 0 fi^ (I ^ y - h / VI. X (Z){iii $iJI^ [Hif^T^^ E ti"^^^^ 

40 Wh^n^o ±0. T^Q^ -€-tl^^n622Mb/s CO 

It^fKiijS^ti^^cC'gxt. lHl]?§cotfiffaffit^l. 2Gb/s {r;^^: 
0. J[JPA«)t5(:^(Z)iS5^c7):3X h^ff U±^f^::<h{i 

[0 0 0 9 ] *^B^t^, ±IBcDrp1^.^.^«r:^-r'5/ri6{- 

^:ichtL.T, ^ 6f::M7^&^;^.£j[jnA^-i^5K. wm^x^ 
^'j: j^^fi:^^ ^ ffl 7^ T ^ -fc: X 

^ ff « -r ^ r <^ ^ R M ^ -r -5 o 
[0010] 
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r^m(Dmnn^^'^)^r^m2^^jfmmf)^^^iMmizm 

tm 4 ^^e:6fdkmf)mm-^ ti. roytmmz-^i.^rit. 

i^m^nmmi^'Tfmmx^^^nx. ^i^yy^^^ 
{zmm-^n. mm3^^^^mzj:D^mx^^x(Dm 

T D ^m^T^^mmizmuxmn^m i^yy^/^^^^'^m 

x^mx^'m^^mmxmm^ ±o^m^{z-Di^x 
ti. ^mx^'izmomxh^nrcmmx^mxmm^mm 

mAit^'j^WLmx-ti^^txx. m2>t:7T^/\i-aim$ 
n, W}mx'm2yt'^^'ism\z^r)-^^2^ity nt^i^ 

^oT. m'm\'it^5^m.^(D^tim\zmmit^''^n.v 
-^t^W.m.^t\x-A^\^y n\z^m\^. i^msT^ 
i&gg tr #1JP A# a 0 ^ T i^i^J^^cD ^S:^ I:: JK 
^m(D\±-^^M't^K^W^v >(}),^tmr^¥in^nx 
^3 0 . ^MMSfiM ^ n/zi^:S oT^3^^ii?!?^ b7^{f 

t.m%\^itv y nh^mxwm'3.it^^Wi^c:>m. 
K%\w^y ^ }V^t^^i^^^t\tz^WM^mmm^±^-^ 
rt \y-^^:ffi.xmm\x-^m^nxK%imy -< )i^co^ 
^L^i&^<Dik&^>y hmy)m\^^ti. i^^^^itmmm:/)^ 
mp^izmm^n. m$EmK)'^xm&^mmmm^tLx 
^^Lxi^^mm^^^itmmw^(Di^mmmimtmm^^ 
M'^y hmrc^-ftk^mM^nx^mimm m^mm mcom 

2 ^'^^^^m(D'i3^mwmtmm^miyy hmrz^fi^y h 

^n. ^mx^mytmmm(DmmmD'^x<7^t^M\tmm 

X. mimx^m^mmm7)^t>±ioy(:mnf)mm^n^z 
t^^m^r^mf^^^i.x\^^^o 
[0 0 1 1 ] X. :$^mMiz^^mo:>y(:y ^±yJv^\t. 
^^iz. ^mm^<^z^mx^mcr>mmyt'^mmo:>^xti 
mizm$^m3^^^i^mo:>mx^mi-y h^^mmt-r 
^^mmmm^^y ^ jv^mmm^n. mmytmmmcD 
^dk^\tmm^^m^^itmm^izj:fom'>&m\z^n. m 
x^'m^'^mmxmi£:^nrzm^:^m^\y- • u^jimn 
x^m^mmm^^^mmizmm^n. mx^mcot^^^m 
ny- . \y^)vmmx\zts.^ <^o\zmm(D^mmm(D% 

\z^n^mMm^mmm(Di^^mmm.tLxm'&^M-^ 
mmf)^k^(Dn'^y\^\z^r)^ ^imx^^<Dm%^ytm 

mx\zu^^'D\zmx^'^<Dmt^^mmm<D%m'{i^^^ 
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mm^n. m^mi^mtwmiii^'^'&itmmmz^^h^^ 
mx^''^om^mmm(r)m,mmmm.t. i.xm.'^^^'t^ 
z,t^^'^tr^mm.^^vx\^^^. 

[0 0 12] ^\z. if%mz^^mo:)^T^^y:^j^Ax 
^mx^\z^n^n:^^f)m\^'^x^n. m\z\t.m 

7tt^-4^rL yv)'MBn\z-D\^^x\t.. 
^mm^mmmt^^n\x^i^x(D\^^xT^mm^f^^m 
m^nmmi^^6^'&^x^^^^nx. m^m':H:^-^ 

10 D-v-^^mxm,\')tyr^n\zm.m^ti. Jtrax^-^co 
i^<\zmm.^ntz'm 3 ^^'^mmz^ o ^joa^^etcd 
i^T 0 %mmim^\zm^:^xmm i^yy^ n/j^i^.^^ 
^n. ^isk^tirzmrD^m^mmm^yy-(nt^ 
mx^^<Dyt^mm<Dmmizmt^nrznnx^'myt^-^ 
rL\y-^^mxmimxnm^^mmxm.m^n. ±D'jt 
mmz'Di^xit. mwiomx^^&x^imx^cry^mmm 
-/j^e^±Dytm^y)mm^n. mmx^m^-^-^rLiy- 
^ tmmnmy T-i n^rnxmrns^^^m^x^^-^ 
tixmmmi yty y^ nizmi^^n. mrnxmrnmyt-^ 

20 -^n. \y-9^m^i.xm.m2':^^j^^iikm\z^v^mm i 
^y y ^ nf)^^6^ik^n^Mimyt^mmx'ikm'^n. m 
mm 3 ^"t'^i^mz \t^mxm\z'm o ^^xfzi^mA^(D 
^is^^izK^mcD h - ^ ^*-r ^ ^ 0 # 
ttbtiT:feo, mm\zmt)^nrz^^^'^^^mt^^h^m^ 
i)m\!i^^nxmmm\^^^^i^^x^m,^n. mmmm 
tmmi^y y-i n^mxim^t^^ 
'7^^^(DmKMmy ^ jv^^^^Km^nrzKmmtmm 
X'^m^tiKMmy ^ )i^(D^^U'^^fkm(D^mi^y hmf)^ 

30 iyy vmrznm'S.Mi^^rixmn(D^mm^mmm(Dm 

2^^j^m,mom,'^^m^m%^^^i^y hmzn>^y h 
^n. ^imx^m^^mmm<Dmmm^mx(Dmm^mm 

f^^^(T^zj^yY\zxy)mu^i^m'^y hmrz\^zyy h^n 
X. mmx'^m'^mmmf)^^±.^^mm)^mm^ri^z. 

[0013] 

T^i:x;^je(;4oi^T, ^mx-^\zi^^^m^)'^x . ^ 

n^n\:^o:>y y-i n^^mT^t)^. ^^^t^^^^jio, t 

K^th\zw\Ci ^(D^ty y ^ n^^m^r ^ytr "7 -\iy:f5 
3^ ^ ^® T -S) ^ ffl I ^ b n ^ o \z i^^mnw^f)^ ^ 

miz^m-^nx^^^mmm^^'7^'^mt^:^mmyt^ 
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[0014] 

6{t^) h ' y - com 3 4 (D^^^mmii(7) 

mnm^yy^n. is, i 4{tmmizmii^rirzmi'Jt 
mA^mo:>mmmyty y^ 21-2 3\tmA^&m 

fiPA^Irffl'iATM (Asynchronous Transfer Mode : 

3 0-3 2 tl3^'^ftti2 1 , 2 2, 

2 3 T^n^ns^f ^nrc:S««^. ss-sstitraA 
^'mmmm2 4. 25, 2 6}rML'T^n^^tii£^^:^c£» 

g:>':7 h{-MlSLT^d6bn^i^J^jt:^fi^. 3 6-3 

si,t-mx^-mmimmn. s 1 7t^^;i/^x^-T. 3 

9-4 nj;jjnA^#Ji^«1S2 4, 2 5, 2 6 (d^^T-g)^ 

6, 8 7 ^-.coummmm^. 4 2-4 4t^ijaA##jsE» 

m^yy^ n. 4 5{tm2^y y-r 4 6-4 8ti^ 

m^mm)^yy^^i. 4 9-- o i itmm^'^mm. 52 

-5 4^^^ffl^'Sfi«4 9-5 l7j/^^)0'5ft^t^. 5 5 

«ATM3^M^> s 6-- o s^tmmm^^^^/z^mm 
^^ 5 9\tm&^^itmm3. e o-^e 3\tmm<Dum 
mmmm. 6 4^6 7 {tmmmmmi . 2, 3izmi.x 
^n^tii^^wummi^y hizMrnvx^^^n^Mmm 
^m^. e 8--7 o^tmmmmmi , 2, smmt-s^ 
n^^tKrjMf^^mmT^^ji^jimT'S 2 , ss, 8 4 

-\<Di^ffi$iifflIjI^. 7 UiH 1 1 3 ,t^2 7fe 

^^ftggl 4<Z)MJ^^»m-r>5^;i/^x^^8 4-\<7)i^ 
^^iJl^it^. 7 2 -7 4^^^M]^M«1 . 2, 3(7^MS 
^*JiaiT'§^;i/^x*^8 1 , 8 2, 8 3;0^bC7)M]^-tr 

y-^mn. 7 5\t^)i^j:.mi^s 4f}^tE^<DU&±>^m 

7 6-7 8^^J!jnA#fflillM«2 4/ 2 5, 2 6 COM 

m^mmT^rz^(D^)v^x.mf-s 5 , se, 8 7;^^^ 

(7)m«-tr>-tj-t»«> 8 Otj;U^- h • H\ 8 8t^ilfe 
9 1 - 9 3 tijJl]A#ftJATM)a*2 7 , 2 8, 2 9 

^n^r 0 zL--ifi^^^ 94-96 {tmx^mA 

TM«*2 7, 2 8, 2 9-Kmn^n^±K)::L-^mm 

T^^o 9 7{t^m^mitmmms9^^iE^ATyL^mm 

5 5-^(DmWB^. 9 8- 1 0 0 t^^aSMffll^B. 6 0 
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1 - 6 0 7 \t^)l9':cm-T8 1-87 CO^MStf^g. 1 3 
3tiATM3?««5 5;6^^ilS:^^^ftS'i^g^5 9-\<;)©J 

[0 0 15] ^ysriz^Tm2^m8^m^^xmi comf^ 
^mmt^. m2\t. sicD^^u^r-h • /-ks o 
trab^ig3 3t^5^it^4<7)K«#ttv':7 h^mmr^y 
oy y^mmLrzho^x^,^. r:iT. ^33^^^^'ifegg 
4 4 5 \tm-mu±izi^m:^ nx 
^\ ^^^^^tmmxi^^xhm-mm^^'Lm-mitco 
10 ^\z-^->xn-mm.<Dmz^r)^ ^3 3fe'&^iig^4 

4 7t ^ 5^ i*§g 5 CO S >- -7 h ^ [Hi ^ ^ J: 3 Pfi^-g- 

(AWG) xm^^ri^tiK z.mz^^xz^^v-j'^ y 
^ ' y ^ )Vi^u^iz<i:^Kmy ^ )\^^^m^^^^rix\^^ 

^(DKmyt(Dmm^mt2 ovx^^L^m&^o 

■::)0 3coft^A(7^ci:'3/;j:^l^:7^D:7r^;i^;^^-ro Z(D 

^myuy y-i )if)^^nrzm-y hLx^^^^^^^mm^^ 
8izj^D^m'^^ytM6^mrf^^. ^m(/)'^&^M^ 

7X^Vtm3\Z5^^n^^'^UKMyuy y 

^4 (Z)i^g>^:7 hfi^}i^^-5o ^{iM^O^tiT^^^ 
IgiT^'&^ife^i c;:>Mil^(7:)iSg#ttt^. H4t::^rct 

[0 0 16] 0 5[i^|^(r^^^l3*6^5^?S^l 3 i:^ 

2 3^^5i^iSg§fe:^ 1 4<7)2feM#tt^^mU/l>'^ hS/l 

J/? fec7)T^^o i^S^^^ba^fSflS 5 9;!)^^CDa-^> K 6 7 
{Cot O^^J^^fj^^g 6 3 {C^^^^^^i^it. tM^fflfP 
gjl6 3tiBl>16^^ifei§l 3 chm2>^^^igggl 4^ 
^aL.T(/^^^;i^^x^^8 4ir$(l^mrjit 7 1 ^STc 

^;i.^3i^^8 4(7)^M^^^+^"5X^;'cj:i:(7)^Siz>1j- 

T^rn^^n. rUJ^iZ>-^1t^7 5«^^MfP^^6 3 
tlHiil^n. ^;i^^x^^8 4 7^?t0f^-(OM^H;d:-2).=fc^ 
{I$ijfflim«7 1 ^r^^To M**«JW&S6 SticfcoT, M 

^-t!>^t«^7 5 ^rM^^i^ML> ^(7:)iM^1t|g6 0 4 
^ll^S^^^b^i^l^ 5 9 (Ij^fo ^n\ZX,-jX. 

[0 0 1 7 ] 0 6 (i/^T ^ n ^t. il^S^^ft 

5 9 ^^^I^c03^j^{tti 1 ^mb/r 

ffi©i1»^g6 0{r»S>^:7 Htiffi^r-^M^^'fi^^fg^ 

v> F 6 4 ^m-To 6 0^1. ^con 

V> K6 4{lS::^^l'^T$iilf«-^6 8^A;1/^X^T8 1 
trSL. i^ft^;V^x^-?8 4/^?^^,^7)MS■tr>-t^«^7 

2;:?^^nv> H 6 4\zm^'t ^ ^"^xz^m^umm^ 7 1 ^ 

vST^l^^ SKiKUKf^^fT^o -x;^^x^^8 1 COM 
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^^^8 1 f)m^(Di^m\zu^ J: o izmmmm 6 s 

^iyy hmiz^m-t^um^^t^m%^^r^o 
[0018] $b {I. mi bWim^n;^c0 7 coy^u^ 

TM5^M^5 5 lzmA^-^mmm2 4(»^^MJS^AT 

M^ftHS 5t^«iJA^i\ IDS (r^TJ:^;^ci: ^mmv-i^ 

J[inA^rMcO>t-^<tlt 2 1 (If^;^. ATMa*2 7 tl^jf 
«^-3 0(7)OAMirJ^/0^bM«itffi^tfe^aiL> fU^tf 
«M^3 3 ^ias$imgm9 8 (iteiiL. ^ntrS-r^i'^ 
TMKSJJIf^^^ 9 8 tlSJfflim* 3 9 ^*nA«7^iifi« 2 

4 0A;I^^X^^8 5 (rML, ^;i/^x^^8 5/j^bC7) 

^-^^n, MS-tr>i^1t$S7 6t^M^$fJW^S9 8{i 

^J«?m^^3 9 ^^j^To MS*J1«^g9 8 tlJ;^T. MS 
■t:>1ttt«7 6^M«fr^^L. ^<DrMg^l»«6 0 5 ^ 
ATMS* 2 l\zmrr. rlSfSI6 6 O 5tiATMi«7N2 

TM5Sjt^5 5 (lit^n^o ilS:^.*£^l:SiJSIgB5 9^^A 
TM3C^1«5 5^^'ic7)1t«l 3 Z\Z^r^'^^'^y Vm\z 
+g ^ r ^ ^ ^ b ^ flS T -5 o 

[0019] "^^^mY.UmU 5 9 tS^f|iJC0&>ti^^Iti 

IS^L-itTo HIt^^^^^I 3 4Sct:0^m2 7t^^ifegg 
1 4cDi^^'MSt>^^T^o 

[0 0 2 0] (*Ji«2) 1^9 ^^*^^(Z)|t5jc3l2 (X 

t i 6 ) \z%)^s-^^-%mm(D^-^(Dyuv ^mx-^^o 

1 2 1 1 2 6 t^«^iliiifl^7fe:7^;|/^. 12 7-13 
2^^JPA«ftjiS«ffl7fe:7T</N\ 1 3 3 ^^ATM3?^1« 

5 5;^^bftSS^<b»i1S|a5 9-\C0M1SIfi^T^^o S 

t-. 1 4 1 - 1 4 3 tl. ^A^ffl7t^jt«2 1 , 2 2, 

2 ^x^tx'^nw^V.fz'^mny — V ^)Va)'r- ^ x^ 
^m^l 3 <h^3>fe^^?fig^4C0fe:^-7^;i/^#ttcot: 

-^i(&miz—mLx^^^t^^v^m\trj:^^o ^:ix\ 2 
oizm'PMf^^itAT^mzs. m9^^(^mH^^rirzmi 

lcr)yay^\BimX. T-AT, T, T + ATtr-^l-^T 
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7tSfHt2 1 (2 2, 2 3) TSMAc;- • u^;i.p 
(T-AT) , P (T) , P (T+AT) ^mWlL (M 

1 0 (b) . ^ni^(Dm.^mmcom&'^&itMmm> 
5 9 izmo. ^tih^izmz^^^^x^m^^itmrnms 9 

fiy ^ )V9^^o^\±-^\mz-^t:^^^o 
[0021] ^11. 12, i3^ffl!/^T. :i(Dmm^ 

JO 1 cOMffiSiJffll^g 6 0 {lT-ATcDMS^^a)i3 V> F 

^)ft6 8 ^3^im« 1 (Z)^;i/^x^T-8 1 (i^L-. ^mm 

ggS 9 tiATM32Sl«5 5 trn V> H 9 7 ^mbT. 

x^-m^^mm2 ixmnn^y- - v^)v^mm\\^x. 

5 5tj:OAM-fe;i^5 eMcfcO^JWm^^Tti^fi^l^O^b. 
7t#^{r^^SlL.TJ[inA«-§iJ3t§eit2 1 J-e^^. AT 
MS* 2 7 ti. 7^S<t^2 ICO^ff/W- • U^JVl 4 

i'^ 1 ^pj^r^o 3^sjt«2 1 (7D^:t hy^-r Hti. m 

y- . ^^;i/^IE«(i^|ii^t-^7^cd6(r7fe-^«a2 1 OA 
::^ffliHi^«il3i?^>t:7^;i.a7 12 1 ^#A-r'g>o 

m<m\t.m3^^^m^4(Dm±m&i^y v^iin-x^ 

[0 0 2 2 ] mn. ^^^mm(Dmmmz\tm 1 3 \z^^ 
v^yy^ y)d-^yywm^mi)m\^^^^rix^^^ 

30 Lx. t^i^Vn\'^^'^'^iM/'^y-\^^)iy)m\^^n^o m 

±ju\zAtirz±Dm^3 6^uuxmm^mmm2 4iz^ 
DATM^mmssiz^mr^. at yA^mm 5 5 ^tz: 
(Dmm 3 3^'^m^Mitmm^5 9izmL. ^m^s^ 

itmmmS 9{tF (T-AT) -P (T + AT) tT^ 

Jzoizumr^^bd. ^(DT^zi^y \^ 6 4iz^o mm 

^mmm 1 <DM^mm^m 6 0 \zm^o 
[0 0 2 3 ] mA^m^mmm 2 4 (D^mm^o^mmm 
iz^\^^xhmBizno zity^^x^^o m9 (D/^^^t)^^. 
40 ^(Dm^(Dyuv^^^w^\-^rz^(jyf)m\ 4x^^. u 

h • y - K 8 0(I^'m3%^%'gm4OWL^yy 

i^yy-^ni 7 — 3€t^- + a- p-^ 1 5— 3^:7^ Y/t 

1 2->l£/\7"^-^ 7-$JlfflIfI^9 0] COM^T^m 

L/iife*^^{ti$fi»gj$5 9 is^x^m^'^mm2 A(r> 

rMS^T{r^^"r^n v> K 5 6 ^mfcfc ^ 

9 7 J; 0 ATM32i^^5 5 tI^*1-^o ATM3^M« 
5 5 tSn v> H 5 6 ^^t?OAM-tr;i/^;^M3^]^^Mtl 1 

J^ofeitL. ^n^gttiio7:iJ!mA^^iii3^'^m«2 1 

MJSS'J|fP^g9 8 $ilUT$y^m»^3 9frJ:0JtlPA«flJ 

50 %mnm2 Aa^^^^Txzw^^^um^'t^. rnn 
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(T-AT) -P (T+AT) IZtn^^olZT^nm^ 

[0 0 2 4 ] (mmms) mi o\t:^mmo:)mMm3 

lZ{^mT^ft^C0^:yC0nZ-$)^Oo 1 5 1 1 5 3 (^^[HlO 

u-^. 15 4-161 i^tmA^mnm^y 

^ 1 5 l-7t^T4'AU 5 4CD^K] ^^T3^S 

^1 5 i-~-ytyy^ni 8(Dmm ^mxms^^^^ 
m4xmmuA^'^^h>^rzm9nt^m^ri. mmtm 

yy-f/ti 6o^m2 yt^6^mm 1 4 c?d^ss] a 

^^tif^^^. m3'^^^mm4(DKmy >c)v^izj:^x 
^^^n^^a)^m^ [7t-7r-r/ti 7— 

1 5-^2 3^^^^i^§§l 4— >^:7y</s^l 6 1 (Dm 

jv<Dz^y h^^^M^^o :icommmx}t±. yt^-^zLU 

-^ 1 5 1, 1 5 2, 1 5 3 (I^l/^T. »J0 ^TbtlTc 

tf)^x^^cox\ mi. m9o:>^mmt^rj:^-:^(D^ 

[0 0 2 5] (nmm4) mi e^t:^mmcom>^m4 
(x«8) \zMjt-^^-nmm(D:ij^(Dyuy^mx^ 
12 1-12 6, 1 7 ns^itjlilSJ>t:7^;i/^ 
1 7 2-- 1 7 7 {tmmm^y y^ ^^x^^o mmm 
'^M^y^ )V9 12 1-12 6, 17 <D^m^\tm 3 ^ 
^6^^^&m4(Dm.-Xik&zyy h^ti n--r^^<Dxunn 
{tUh^t^^K %mm2xm^rz(i:)tmc-fjmx\ mm^ 
mtmi hmx^'m^mm^2 i(D%mm.^^mi^^ 
^lii^i s hm3^'^»^^m4(Dm^y ^ )v^^'itk<j^^ 
^b'^^. m3yt^^^&m4tm2^^^^^mi4(Dm^ 
y ^ )i^^'\!^(j}^'b'ikmz^n'^n-^^^^^^o \z. 

llPA#flJ>tSmi«2 1 tmm':H:^^mm4 9(D'mmny- 

u^)v^^zz^ hf^m^un-T^^itii^x^^. 

[0 0 2 6] (^M#*j5) \^J.±.<D%mmifi^^4X\t. 
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m'^\z\t. mMV'^^(Dmu^m.m.T^rz^\zmM'^n 
Ti^^oAM m'^mm) ^}v^^m^^m^^i.tz. 

mmMLm.mmLtmmmm<D&m\zmLx\^^^rz^'x:^ 

:it\zU^. m^\t. eit;^^^bTSDH (Synchron 
10 ous Digtal Hierarchy) ^^m^^ ^m'^\z\t. SDHcD 

[0 0 2 7 ] 

(1) ^«T^-y h ^-^coiSSv^y h^^mb. 
20 (2) "^"^.(D^v vy-^ (Dm^-^v 4 

(3) _bie (2) (Z)ftf^^^:-a^T^cO{i. fr^^c/cC^V^? 

(D-)i^<Dtz,^\z%^tz.\zmm^t^^)i^w\%u<. mm\z 

(5) ' J -'^(D^^^^WL^^mMmY.l^X^^ 

30 ^Tz^. ' J -\'(Dmmmm\zmmm^<. m 

(6) mAsm(D&m:^Ai^zmmf)^^u< . atm^sd 

HU^(D:^^lZMiit^^mX^^o 

^n^(Dzt^^^. *^0^(7)>^T ^ ± y ij^iz ct o T . 

T^iiy:^^^mmr^:zhy)^x^^. 
[mm<Dmmumm] 

mi] ^mm(rymMmi iznm'r^-%mm<Dmf^^ 

^Ty u ^y^mx$)^o 

40 [02] HKD-D^. ^3>te^^i)S§gCDiSS4^ttc7)>^y 

V'^w^.'t^mm^^^x.fzmi^^^^-^y^uv^mx^ 
[HIS] ^{iijTtteT^. ii3>fe^5i-?^^(im^jA^n 

fzK^m':}ty 4 )V^f:>^^(J:>Y^^^^'yu y y-()]/At^ 
Oi/y'hB, ^ b>{Ii>:7 hSA A ^i^?g-r-5/!:d6<D#tt 

im4] mi^^zsm2^^^ym^(DmMm(D^^^^i^ 
^mm-r^rz?6(Dmx$>^o 
mb] mi(Do^. mi :^.^zsm2^^^mm(DmM 
50 ^^(j^um^n'^mm^^v^i.tzmj^^^^^yuv^m 
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me] mio:)o^. mm^mmm(7:^^m'^m^mm'r 

mi 1] m9(Do'^. mm(D^mmm<Dmm^mmT 

[013] ^mnizm^^^ h'y yy.-i >\d-y>7.mm 

[mi 5] ^mMcommm3iznm^^-^mm(Dmf^ 

cmi 6] :$:mmo:)m^m4izMmT^-mmmcomf^ 

[mi 7] mMt^mo:>^^^m^A^m^^rz^T^-\iy. 

[mi 8] mi 7 {z^rv^mo:>jj^(D^.^^mmT^rz 

[mi 9] mi 7 iz~;jk^'^M(Djj^(DX}^^mmT^rz 
^s6comT^^o 

[m2o] 'i^Mt^m(Dm(Dm^^m^^^m\^^rz^y^ 

mT^^o 

[m2i] m2 0(DA^^(7}rD^m^(DmM^^Tm 

[m2 2 ] m2 0 (D^r{7±x:^^(D±i^(Dm^^^T 
y u ^mT^^c 

1-3 ytmmm 

6 SfinJ^^tM 

7 ytny-?^-^ 
8—12 yty 

13 mi'^^^'&m 

14 m2^^^mm 

1 5 mm^^-^=^ v-^ 

1 6 ^yr-{n 
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40 



50 



1 7 
18- 

2 1 - 
2 4- 

2 7- 

3 0- 
3 3- 
3 6- 

3 9- 

4 2- 
4 5 
4 6- 

4 9 — 

5 2- 
5 5 
5 6- 

5 9 

6 0- 
6 4- 

6 8- 

7 2 — 

8 0 
8 1 - 
8 8 

8 9 

9 0 
9 1 — 
9 4- 
9 7 
9 8- 
12 1 

12 7 

13 3 

1 4 1 
(D'f — 
1 5 1 
1 5 4 
17 1 
1 7 2 
3 0 1 
3 11 
3 15 
3 1 6 
3 1 7 
3 1 8 
3 2 1' 
3 2 5 
3 2 9 
3 3 0 



X^yy-in 



2 0 ^mm%yy^n 

2 3 %mtm 

2 6 T^i^fta 

2 9 ATMj^tN 

3 2 mtm^ 

3 5 M^m^fi^ 

3 8 mmm^ 

4 1 m^^umm^ 

44 iE^ffl7fe:7T<A' 

^2>fc'7 T-f 

4 8 %yy^n 

5 1 

5 4 Sftft^ 

5 8 ^JI|fI^^^^;^cMm«^ 

6 3 ?aJS$iJWSg 

6 7 M^m^m^ 

7 1 MS^Jiaifi^ 

7 8 iUffi'tr>it1t« 

8 7 ^;i/^x^-7- 
>fe A - ^ ft^ 

9 3 TOii-tf^tf^ 
9 6 ±0:x— tf«IS 

1 0 0 i^i^um^m 

-12 6 ^iSM3lfl^3^:7^;l'^ 
— 1 3 2 3^:7 T-r/^^ 



— 14 3 

— 15 3 

— 16 1 



— 17 7 
-3 0 4 

— 314 

%yy^n 

,319 i^a-^i^i^^ 

-324 %^mm 

-3 2 8 
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3 3 1 

3 4 1 

4 0 1 
4 0 2 
4 0 3 
4 0 8 
4 0 9 
4 10, 
4 1 2 
4 1 3 
4 1 4 
4 1 5 
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-334 ^yr^n 

-3 4 4 >t r< 

404, 406 7t:7r<A^ 

4 1 1 T^esi^s 



20 



4 1 8 ¥»f*:l^-lf3tiii|ii§g 
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